CcpA-mediated repression of Clostridium difficile toxin gene expression.
The presence of glucose or other rapidly metabolizable carbon sources in the bacterial growth medium strongly represses Clostridium difficile toxin synthesis independently of strain origin. In Gram-positive bacteria, carbon catabolite repression (CCR) is generally regarded as a regulatory mechanism that responds to carbohydrate availability. In the C. difficile genome all elements involved in CCR are present. To elucidate in vivo the role of CCR in C. difficile toxin synthesis, we used the ClosTron gene knockout system to construct mutants of strain JIR8094 that were unable to produce the major components of the CCR signal transduction pathway: the phosphotransferase system (PTS) proteins (Enzyme I and HPr), the HPr kinase/phosphorylase (HprK/P) and the catabolite control protein A, CcpA. Inactivation of the ptsI, ptsH and ccpA genes resulted in derepression of toxin gene expression in the presence of glucose, whereas repression of toxin production was still observed in the hprK mutant, indicating that uptake of glucose is required for repression but that phosphorylation of HPr by HprK is not. C. difficile CcpA was found to bind to the regulatory regions of the tcdA and tcdB genes but not through a consensus cre site motif. Moreover in vivo and in vitro results confirmed that HPr-Ser45-P does not stimulate CcpA-dependent binding to DNA targets. However, fructose-1,6-biphosphate (FBP) alone did increase CcpA binding affinity in the absence of HPr-Ser45-P. These results showed that CcpA represses toxin expression in response to PTS sugar availability, thus linking carbon source utilization to virulence gene expression in C. difficile.